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FOREWORD

This report presents the resul ts of a task performed in-house at

NSWC by the Material Sciences Branch of the Survivability and Applied

Sciences Division for the Armiunitions Design Agent of the Gun Systems

and Munitions Division .

This report was reviewed and approved by Mr. J. D. Hall , Head ,

Material Sciences Branch , and Mr. D. S. Malyevac , Head , Survivability

and Applied Sciences Division .

Head , Weapons Systems
Department
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INTRODUCTION

The effort reported herein was initiated to solve two problems .
The first probl em was the absence of any ultrasonic test standards for LI
depleted uranium barstock purchased for the CIWS MK 149 penetrator.
Such ultrasonic standards are required if the material is to be tested
in accordance with Materials Spec i fication XWS-l669l 1 for depleted
uranium barstock containin g two percent molybdenum. To solve this V

problem , a series of ultrasonic test standards was designed , fa br icate d
and tes ted .

The second problem was the inspection of the surface and near sur-
face region of the barstock. The ultrasoni c procedure developed for
testing the barstock is not capable of detecting surface and near sur-
face flaws 2 which is the most critical re gi on. 3 To solve this problem ,
an eddy current inspection techn ique was developed , and a prototype
ins pection system was demonstrated .

The presence of material flaws in the barstock is of concern since
they can lead to stress corrosion crackin g and degra ded ballistic per-
formance of the penetrator.

ULTRASONIC TEST STANDARDS

Materials Specification XWS— l669l states that the Material Sciences
Branch at NAVSWC/Dahlgren is responsible for providing ultrasonic test
standards for depleted uranium barstock as may be required by the manu-
facturer. The specification calls out a maximum permissible flaw size
of .020 inches (.508m) for internal defects.

A set of ultrasonfc standards has been fabricated as depicted in
Fi gure 1. These standards consist of a series of holes drilled into
ends of barstock sections to represent flaws over a range of depths
beneath the outsi de diameter. This series of holes allows for the cal-
ibration of the ultrason ic test as specified in XWS—l669 1 paragraph
4.4.3.1.

It shoul d be noted that the barstock utilized for fabricating the
standards mentione d above represents an ‘as-extru ded and thus worst
case condit ion in terms of surface roughness (25Orms). Such roughness
adversel y affects the performance of ultrason ic testing. Surface
condition requirements are not quantitatively addressed in XWS-1669l.
These requirements are left to be specified in the procurement contract
along with precise dimensional tolerances . Thus , standards used to
accept or reject material must be fabricated from barstock which i-s —

- . ______ - - - -
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thl ’ ho~’ i • O P L  t.i 1 di !‘Ui t 11)11 • F iqure 15 shows the CI~T indication CaUSed tr~
a ~ ‘O ’’ sPt ~t~i~ notc h II1It hi iiied into the bar sur face - Not ice the i n di c at i o n

a ve rt  i1 i l  t , uIn~sUnt ’nt in bot P the up and the down di l ’Os  t ions t U U S  Inn
‘‘ 1 1 ‘-~IIt’U ~~~

‘ I ‘S~~~~P ol Ind’I ca t  ion. This is 1’aused P , the defect Pa S S  inn
one co il t o  the next.  The m d i  C5i t ‘iOfl 1 ~‘ reVt ’UL-sI ’ il dependmnu On

which ~‘o i I ~
_
~n t a  I n c  t h e  ~be t ’ect  i t  a p a r t i t ’ul a!’ ins tant • ii nure l(~ shows

Riti P nsI i t ’ ,! Ii 011 C I I J S ( ’ sl  I’S a liii t U1 ’sl I ly  t ) C t ’ tII’l’ I 110 defect . Th is is the Same
ste l O s  I wh i s  Il W~ s not ste tec ted by the ult ra SIU1) ~ t ’ t CC hI) ~ Ut? .

An ,il ai ’r c i rcu i t  w as conne cted to the vent i ca l  output of the test
iii ’, t 1 0 1 0 1 11  - T he a 1i ~~~ wa s  adjusted so tha t when the te nt  i cal co mponent
1ut a f law i nislit ’a t  ion exceeded a thresho ld , audible and v is ib le  alarms
Wt’i ’ &’ t ri tIsIOl ’ I’tb

The t ei~ t I no di sc us sett above was performed at •i f requency ~ f 1 ~kbh’ .
Thi s t p ’i’1I0’!k V (V.15 t h i ( ’ISt ’Ii t t i ’s.’ j t i s & ’ i t  15 1)1 s IP  t ’n~ t i~ h t o  a l l  s ’W for qood
di I I( ’l’ent li t ion he t wt’ei i ha~’ 5 too k  wu iNhi e m d i  ca t  ions and defect s iqna i~~,arid vet is  1 out eiiUus~h to ~i P ’ (1I.’ ide a rcsi’ec t a Me  odds turnout penet rat ion
i n t o  the ha rs t ock  • ‘~t I 0 1 , - . the skin depth i n  L I I ’aIIi out i s  • lOft inches .
Th Is ’ t ’ l i i-  I h a t  t h e  e lec t r i c  f ie ld  at  a depth o f  . 1O(~ i riches wi thin
the Inll ’s t i l s ’k S t a l  is  U t t  t o  -~ or (1  ‘ U of  i t  s str entl th a t  t he h a rs t o c k
S u r f a c e .  Th 1 t~le~ t~’ Is ’ f ie  Id d imin i shies ex ponent is.i l lt’ and approaches
•‘ert i near ’ the h a r s t o s ~~5 out en, Thus , the f uirt Pit ’ ! ’  a def ect i s  loca ted
t”ens ’s.it h t bit ’ -, I t l - t ’ ice • the I ai-ner if rUst be t o  he de t e c t  ,‘~~~ .

INS~ UCT ION I-~AT I S S C05- T S

I he l ’ iU \ I ’ iU lL’  spn-od at  wh ch the .P’ ’ d Mlli0t t ’i’ h5i rst ock ca n be i nspec —
t o t I P- it - t i l t  I’ , l S U l i lc s  will iii a l l  p)’ . lct ical  i t s - he 1 i i i  t t ’d by t h e  auto ma t ic
hand] I ii~ u eqil i ituient invo lved as we l l  as the ba~’sto ck s t ra i i1p htnt ’ss • The
lll ~ \ i P1(1111 t i l t  ~‘a son ic t C s t s peed w i l  I depend on the I’,l t C 51t wh i cli the hal’ —

5t Os k can he rota ted p5ist the i IlSpt’c t iOfl t r5iIiSsltl( ’Pr . I UI’ e\dIilJ’Il 0 , no—
t5i t ion ~it 300 rpm woul d s I s’l si an inspect ion speed 01 1 P 1 ~s ’hes flt’!’ 11111i

ute a l l  ow i flsl I or a P0,. ove r lap between adj5icen t pa ss t ’ s  o f  a . 1 ’  w ide
ul tra so n is - I- it ’ l l , When ro I at i n~ ba rs tock  at such sput ’t ’sls the s t r a m s i h t  —

Ilt ’”~S of  the i i i  t eria I becomes s ’n i t ica l . Th us . the ul t i’asoni s ’ I uispet ’t ion
rate ‘ou ld we l l  be deterllmined by the c tra iq htness Ot  the ha r s t t i ’k ma t e r ia l
ins teid of the c a pab i l i t i e s  of the inspect ion ss s t  (‘Ill .

ddv t’IIl’rent t e s t  inn does not ,‘(‘s iuI i  1’(’ ~‘~~~d ~ j o n  0, the ha n’s loc k
ansi thus the speed would not he smov er ned Pt- the 111111 III 1’’IIS ot a rot a —
t, iona 1 hand 1111 ( 1 S V S  I (‘Ill . F dslv C Ul’rent t es t  i iisi P U S hOeli s lOI’’ t ’I1\ t i ’ it  t’sl a t
a r i te  equi V,l I (‘li t 1(1 ‘0() inches pei’ 111 nut e u~ it  P the  t e s t  hlrdw 5l I ’o sit ’ s —
i’ ibed in th i s  report - 1P m s w,i s 1c1’oIllp l ished Pt l~~l i lu l_ i  I ili~~e l - t  i t -ill s~~t t h e

harst oc k t Pn’out~h the t e s t  s ’C1 ii . I os poc t ion c ; ’ . ’ .’ k  in t ’ \ C l ’ S S  of I JJ(’I
ill,’ht ’s pi t-il’ Il l nut e ((‘IIjl d be ac hieved wi t h the a Id o f  i r U t  UI’ i :ed s on s t ’ ts ’r
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to feed the ba I’S toc k t hrauqh the t e s t  co i l  -

To produce I ,‘O penet l’a tons per ni f l ute an inspect ion svs tern muSt be
capable of inspec t inq a t  1 ea s t  ~~~ i iiches per minute.  A si nql e ul tr a—
sonic test sv s t emi ~ will inos 1 ii kel v fa ll fa ,’ short of this rate. The
added expense of para lle l  inspect ion s t a t i ons  w i l l  most 11 Lelv he re-
quired for u l t rason ic  i nspec t ion .

Ui trason I c test  i n s t ru’ ioni ta t  ion . exc 1 ud i no the hand 11 no sys tern • is
currently avai lable for less than $10 ,000. The cos t  of ultrasonic hand-
1 m g  systems currentl y on the ma rket is about $50,000 per unit. In order
to meet a p n-oduc t ion rate of 1 ~-iO peniet ra t on s  p er nil flute, a si nq 1 e ul —

trasonic handlin g system would have to rotate the barstock at no less
than 4800 rpm , This is assumin o that a single transducer is used. Since
this rotationa l speed is not practical , one would have to resort to mu l-
tiple inspection units , or at least , multiple inspection stations on the
same unit. The nunter of stations or units required will depend on the
maximum rate of rotation which depends on the straightness of the bar-
s tock .

[ddy current instrumentation can also be purchased for less than
$10 ,000. In all likelihood, an eddy current inspection station could
be set up on the same handlin g equipment as would be used to feed the
manufactun-inq process. Thus, the cost of a separate handlin g systeni
for- eddy current testin o can probably be avoided. A single automated
inspectio n system could also keep up wIth a production rate of severa l
hundred penetrators per minute.
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RECOMMENDATIONS

Based on the results of this investigation , it is reconinended
tha t :

* Standards for nondestructive testing be prepared based on
configuration and surface conditions of the barstock or pene-
trators as specified in the contract.

* Eddy current inspection be required in conjunction with ultra -
son ic inspection to detect both surface and subsurface defects.

* Eddy current standards be prepared and made available to penetra-
tor producers .

* An NDT Systems study be undertaken to define systenis costs , re-
liabili ty and impact on systems performance. The ultimate goal
should be aimed at defining a system that provides the optimum
ins pection capability at the cheapest unit cost of the finished
machined penetrator. A major portion of this effort should be
to determine which size defects are cause for rejection based
upon stress corrosion crack ing and ballistic performance re-
quirements .

CONCLUS IONS

The ultrasonic test standards fabricated from ‘as extruded ” bar-
stock demonstrate that sim ilar ultrasonic standards can be fabricated
from material with any surface condition likely to be encountered (bet-
ter than 250 rms).

Complementary eddy current testing can provide a reliable and inex-
pensive near surface testing technique and can be appl i ed to regions
which the ultrasonic technique cannot (i .e., surface and near surface).
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